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Executive Summary 

Background and Project Aims 

Lƴ Iŀǿŀƛ ƛ, sewage has been identified as a major management challenge. Acknowledging 
the high risk associated with poor sewage management, recent legislation banned new 
ŎŜǎǎǇƻƻƭǎ ŀŎǊƻǎǎ Iŀǿŀƛ ƛΣ ōǳǘ ƭŜƎŀŎȅ ŎŜǎǎǇƻƻƭǎ ǊŜƳŀƛƴ and are polluting groundwater and the 
nearshore environment. Some areas in the State are at particularly high risk to the negative 
impacts of poor sewage management. The 12,000 homes and community facilities serving an 
area population of almost 31,000 people on the west facing slope of Haleakala Volcano, Maui, 
USA, referred to as Upcountry Maui, rely on 10,040 onsite sewage disposal system (OSDS) for 
domestic wastewater disposal. Of these, more than 7,400 are cesspools that release an 
estimated 4.4 million gallons per day of untreated wastewater containing 697 kg of nitrogen to 
the shallow subsurface. Nitrate concentrations of nearly 9 milligrams per liter (mg/L) have been 
measured in the groundwater water of Upcountry Maui, prompting the State Department of 
Health (DoH) to designate Upcountry Maui as a Priority 1 Cesspool Upgrade Area. This 
ŘŜǎƛƎƴŀǘƛƻƴ ƛƳǇƭƛŜǎ ǘƘŀǘ ŎŜǎǎǇƻƻƭǎ ƛƴ ǘƘƛǎ ŀǊŜŀ ǇǊŜǎŜƴǘ ŀ άǎƛƎƴƛŦƛŎŀƴǘ Ǌƛǎƪ ƻŦ ƘǳƳŀƴ ƛƳǇŀŎǘǎΣ 
ŘǊƛƴƪƛƴƎ ǿŀǘŜǊ ƛƳǇŀŎǘǎΣ ƻǊ ŘǊŀƛƴƛƴƎ ǘƻ ǎŜƴǎƛǘƛǾŜ ǿŀǘŜǊǎέΣ ŀƴŘ ŀǊŜ ƘƛƎƘŜǎǘ ǇǊiority for action. A 
comprehensive analysis of upgrade alternatives is needed to inform a cost-effective strategy. 

The aim of this research is to use evidence to help design nutrient pollution solutions that 
will reduce the most pollution at a reasonable cost, while considering equity. We employ a 
structured decision-making approach to determine how alternative management practices may 
influence groundwater nitrogen levels and at what cost; and where nutrient reductions would 
be most beneficial to meet both water quality regulations/objectives, and other social goals. 
Specifically, we 1) identify a range of cesspool replacement options, 2) develop a range of 
management alternatives that incorporate technical feasibility, 3) analyze environmental 
benefit of each alternative; 4) enumerate costs of the alternatives; and 5) provide 
recommendations on the alternatives relative to cost, environmental benefit, and stakeholder-
identified objectives. 

Approach 

The structured decision-making process involved seven steps, consistent with a decision-
theoretic process:  

1) Define the problem ς In brief, based on its mandate to protect drinking water, the 
Department of Health is empowered to recommend action to the State legislature to address 
pollutant levels in the groundwater that are nearing safe drinking water standards. In the case 
of Upcountry Maui, cesspools are a major current contributor of nitrogen flux into the 
groundwater. 
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2) Define objectives and select metrics ς A stakeholder working group that included 
community members and government officials identified twelve objectives and metrics 
spanning cost, nitrogen reductions, equity in cost sharing, and feasibility that they want to 
achieve. 

3) Identify, cost, and map feasible options (and constraints) ς Various cesspool conversion 
options exist, from on-site systems that better reduce nitrogen than cesspools to alternative 
technologies to sewering. We specified the capital investment and operation and maintenance 
costs for each option, as well as their conditions and constraints (e.g., site characteristics). 

4) Screen options ς For each of the OSDS units in our study area, we assessed the feasibility 
of each of the upgrade options considered, using geospatial data corresponding to the 
constraints. 

5) Develop alternatives ς During exercises designed specifically to elicit creative thinking, 
participants of stakeholder discussions and a workshop developed alternative packages of 
options to upgrade cesspools. The project team used these inputs to design 41 alternatives to 
define, map, and evaluate. 

6) Estimate consequences (accounting for local preferences and values) ς Alternatives were 
evaluated using an existing groundwater flow and transport model that predicted how the 
various packages of upgrade options would perform when deployed across the landscape. The 
net present value of all capital and operation and maintenance costs were assessed for each 
alternative. A modified cost-benefit analysis assessed the nitrogen flux reduction per dollar 
cost. Equity was assessed by calculating the variability in cost burden across the households 
with cesspools and by comparing the costs borne by these households to the sewage fees paid 
by other Maui homes connected to county sewer systems. Other social objectives, such as 
design standards and maintenance burden, were evaluated using expert opinion. 

7) Consider trade-offs ς The final step evaluated how the various alternatives fared for 
each of the 10 objectives and considered the trade-offs. All alternatives were compared to each 
otheǊΣ ŀƴŘ ǘƻ ǘƘŜ άŘƻ ƴƻǘƘƛƴƎέ όƛΦŜΦΣ ǎǘŀǘǳǎ ǉǳƻύ ƻǇǘƛƻƴΦ ¢ƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘƛs analysis are 
summarized below. 

Results 

Status quo. Under current conditions, the groundwater model predicted a maximum 
concentration of dissolved inorganic nitrogen of over 10 mg/l in one part of the project area 
(990 acres) and over 5 mg/L in a larger part (nearly 9,000 acres). Cesspools were estimated to 
be the second largest contributor (24%) of nitrogen flux to the groundwater after historical 
sugar cane production (55%). 

Alternatives.  
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A strategy evaluation table is designed to serve as a decision aid. The table can be used to 
evaluate individual alternatives, or compare across alternatives. The first cut are alternatives 
that perform poorly across multiple objectives, and should thus not be considered ς such as 
well-head treatment, which fails to decrease groundwater risk, and consequently also has zero 
cost-effectiveness. 

The strategy evaluation table (reveals an obvious winner, composting toilets, which meets 
the fundamental objectives of reducing cost, impact, and risk, while ensuring equity, but it does 
not meet the cesspool ban nor comply with current regulations. There are also significant 
technical and social hurdles to overcome, which we did not address in this analysis. A number 
of septic tank alternatives (Alt 6, 8, 10, 19A) perform well across multiple objectives, as do the 
sewering Makawao (or Pukalani) combined with septic tank to Presby where possible 
alternatives (Alt 20-22, 23B-25B). The key difference between these alternatives is the risk of 
exceeding 5 and 10mg/l nitrate standards, which is quite a bit higher in the former. Alternatives 
that only sewer the neighborhoods without attending to the cesspools at all are the cheapest 
alternatives, both overall and per household, but they result in potentially unacceptable risk to 
aquifers and low flux reduction benefits. 

If decision makers cannot allow any area to reach >10mg/l, then many alternatives are 
eliminated. The lowest cost alternative to meet the 10mg/l standard will cost $227 million over 
the 60-year project timeframe. Relatively low-cost septic tank-based alternatives (8, 10) meet 
this standard, at a much cheaper cost per household than the sewering alternatives (Alt 20-25), 
which have similar overall costs. 

Alternatives that target the TMKs with the highest nitrogen contributions (Alt 19A and 19B) 
would cost $116 and $250 million, but the additional cost for 19B does not buy much result. 
19B is far less cost-effective than 19A. Both these alternatives reduce the area at risk of over 
10mg/L to about 100 acres, and only affect ~15% of households 

Recommendations 

This study represents the best available science on how different options for upgrading 
cesspools in Upcountry Maui would achieve stakeholder objectives. The research took a 
structured decision making approach, engaging a large working group of stakeholders in a 
participatory process to identify and assess how these options performed across an array of 
objectives using data and state-of-the-art modeling. Decision-makers can now use the analysis 
to choose their preferred options based on how well they perform against the objectives. It is 
up to the policy maker to weigh the various objectives. For instance, decision-makers 
concerned solely with minimizing nitrogen flux (protection of aquifer for drinking water) should 
choose Alternatives 20-25 or composting toilets, while those concerned with the lowest cost 
per household while meeting cesspool ban should focus on alternatives 10, 4B and 1.  The 
following abbreviated recommendations are provided (longer descriptions are presented at the 
end of this report): 

1. General 
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a. Aquifers that are designated as potable should be maintained in that state 

and preserved for current and future use to the extent that is feasible via 

source control. In the case of Upcountry Maui, the only feasibly controllable 

source is OSDSs, which constitute approximately one third of the total 

nitrogen inputs which includes cesspools (24%). Cesspool upgrade 

alternatives that preserve the groundwater for potable use (nitrate-N <10 

mg/L for 100% of the land area) include Alternatives 3, 4, 7, 8, 10-18, 20-25, 

and composting toilets. 

2. Further Investigations 

a. Investigate inputs of chloramine into drinking water and thus emissions via 

cesspools, and, if appropriate, incorporate it into the groundwater model. 

b. Conduct a study on small cluster systems which could have cost efficiencies 

but require a detailed study than we were not able to provide. 

c. Investigate the cost of centralized sewering of the entire Upcountry 

community including a WWTP and a disposal system. 

d. Conduct a pilot study and then develop design standards for passive 

denitrifying absorption systems (Alts 9, 10, 17, 18) as well as Nitrex and 

Eliminite and Presby (with De-nyte) systems for the same purpose. 

e. Extend the study of Alts 19A/B to determine how many more TMKs would 

have to be included (in addition to the worst 20%) to achieve zero acres of 

>10mg/L nitrate. 

f. Conduct composting toilet study, to gain familiarity, experience 

maintenance issues, determine pathogen risks in compost, acceptable 

handling practices, and develop regulatory standards including permitting 

and maintenance requirements. 

g. Investigate financing options for completing any alternative program of 

upgrades, including: individual homeowner pays, state/federal grants, state 

tax credits, privatization of individual systems , County owning/operating all 

individual systems, and other options. 

3. Program Management and Efficiency 

a. Conduct a study to determine a program management framework and the 

required DOH staffing to regulate all the OSDSs including the 88,000 

upgraded cesspools in order to ensure public health is protected in the 

state. 

b. Develop design standards for drip irrigation systems, ET systems passive 

denitrifying absorption systems,  to make approval of such systems routine 

instead of one-off design for each property as is the current situation. 

c. Develop regulations for operation and maintenance of composting toilets  
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4. Legislation and Administrative Actions 

a. Based on the investigations recommended above, write legislation to 

facilitate gray water, composting toilets, drip irrigation, ET systems, passive 

denitrifying absorption systems, program management including issuing 

OSDS permits and associated requirements, and financing methods. 

b. Criteria are needed to guide homeowner choices to ensure that sufficient 

nitrogen is removed, such that cumulatively all groundwater is maintained 

with <10mg/l of nitrate. We therefore strongly recommend that DOH 

develop such criteria. 

 
The cesspool ban has regulatory efficiency, however, a systems perspective would improve 

outcomes, i.e., when the fundamental objective can be met by intervening in part of the 
system, these areas are targeted and exemptions to the ban might be considered for remaining 
households. Any system-scale solution would, of course, require subsidizing homeowners who 
upgrade. We recommend that DOH adopt a systems perspective, and design collective 
solutions and creative funding mechanisms to improve the economic efficiency. The project 
team would like to acknowledge the diligent and valuable inputs from the stakeholder working 
group participants. It is important to flag that they contributed to the process in good faith, 
despite fundamental disagreement with some of the key underlying premises of the project. 
This project started from the fact that Upcountry Maui is a Priority 1 area, and its aims were to 
identify the most cost-effective actions to upgrade cesspools in the area. Many of the 
stakeholders strongly disagreed with the prioritization of Upcountry for a number of reasons. 
They argued that that nitrogen flux from cesspools is a minor contributor compared to other 
ǎƻǳǊŎŜǎΤ ƴƛǘǊƻƎŜƴ ŦǊƻƳ ŎŜǎǎǇƻƻƭǎ ŘƻŜǎƴΩǘ ǊŜŀŎƘ ǘƘŜ ƎǊƻǳƴŘǿŀǘŜǊΤ ƴƛǘǊƻƎŜƴ ƭƻŀŘǎ ƛƴ ǘƘŜ 
groundwater are below drinking water standards nearly everywhere; evidence of 
contamination is limited to a handful of samples in a discrete area; no Upcountry residents get 
ǘƘŜƛǊ ǿŀǘŜǊ ŦǊƻƳ ǘƘŜ ŀǉǳƛŦŜǊ ǎƻ ŘǊƛƴƪƛƴƎ ǿŀǘŜǊ ǎǘŀƴŘŀǊŘǎ ŀǊŜƴΩǘ ŀǇǇƭƛŎŀōƭŜΤ ǘƘŜ ƻƴƭȅ ǳǎŜǊǎ ƻŦ ǘƘŜ 
aquifer for drinking water are private for-profit developers who choose not to wait for 
municipal water supply; and there is no documented evidence of human health/stream/coastal 
impacts. The project team were able to use empirical evidence and modeling to discuss some of 
these arguments, but the issue of prioritization remains a thorny one that is outside the scope 
of this analysis. 
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Background 

Lƴ Iŀǿŀƛ ƛΣ ǎŜǿŀƎŜ Ƙŀǎ ōŜŜƴ ƛŘŜƴǘƛŦƛŜŘ ŀǎ ŀ ƳŀƧƻǊ ƳŀƴŀƎŜƳŜƴǘ ŎƘŀƭƭŜƴƎŜΦ Acknowledging 
the high risk associated with poor sewage management, new cesspools have been banned 
ŀŎǊƻǎǎ Iŀǿŀƛ ƛΣ ōǳǘ ƭŜƎŀŎȅ ŎŜǎǎǇƻƻƭǎ ǊŜƳŀƛƴ and are polluting groundwater and the nearshore 
environment (Whittier and El-Kadi 2009). In 2017, the Hawaii State Legislature passed Act 125 
άwŜƭŀǘƛƴƎ ǘƻ /ŜǎǎǇƻƻƭǎέ. This Act accomplished three things. First, it mandated that all cesspools 
in the State be either upgraded or converted by 2050, unless granted an exception for a 
legitimate reason, which include small lot sizes, steep topography, poor soils, and accessibility 
issues. Second, the Act expanded the criteria for an existing $10,000 tax credit to any citizen 
with a cesspool within 500 meters of a perennial stream, shoreline, or wetland; within an area 
designated as a source of drinking water; affecting drinking water supplies or recreational 
waters; or appropriate for connection to an existing sewerage system. Third, Act 125 requires 
the state Department of Health (DoH) ǘƻ άƛƴǾŜǎǘƛƎŀǘŜ ǘƘŜ ƴǳƳōŜǊΣ ǎŎƻǇŜΣ ƭƻŎŀǘƛƻƴΣ ŀƴŘ ǇǊƛƻǊƛǘȅ 
of cesspools statewide that require upgrade, conversion, or connection based on each 
ŎŜǎǎǇƻƻƭΩǎ ƛƳǇŀŎǘ ƻƴ ǇǳōƭƛŎ ƘŜŀƭǘƘΧŀƴŘ ǊŜŎƻƳƳŜƴŘ any proposed legislation and 
administrative actionέΦ In parallel, DoH was mandated to assess the feasibility of a grant 
program to help property owners comply. 

Some areas in the State are at particularly high risk to the negative impacts of poor sewage 
management. In 2017, DoH published its report prioritizing areas across the Main Hawaiian 
Islands, based on actual or potential impacts from cesspools to human health, drinking water, 
and sensitive waters. Due to the density of cesspools in the area and elevated groundwater 
nitrate concentrations, Upcountry Maui has been designated a Priority 1 Cesspool Upgrade 
Area (DOH, 2017). The 12,000 homes and community facilities on the west facing slope of 
Haleakala Volcano, Maui, USA, referred to as Upcountry Maui, rely on 10,040 onsite sewage 
disposal system (OSDS) for domestic wastewater disposal (DOH, 2018). Of these, more than 
7,400 are cesspools that release untreated wastewater to the shallow subsurface. Nitrate 
concentrations of nearly 9 milligrams per liter (mg/L) have been measured in the groundwater 
water of Upcountry Maui (DOH, 2017). The USEPA health-based Maximum Contaminant Level 
(MCL) for nitrate is 10 mg/L. A Hawaii Department of Health investigation into the sources of 
the elevated groundwater nitrate concluded that, while not the only source, OSDS, primarily 
cesspools, significantly increased the groundwater nitrate concentration in the groundwater of 
Upcountry Maui.  That study further estimated that the nitrate concentrations downgradient of 
the areas with the highest OSDS densities likely exceed the MCL of 10 mg/L (DOH, 2017 and 
2018). Assuming 7,400 cesspools in Upcountry Maui required replacement at costs ranging 
from $20,000 to $60,000 each, the total cost of cesspool replacement could range from $120 
million to $360 million. In addition, there will be on-going operation/maintenance costs as well 
as the need for a funded, effective management program. This is an onerous cost burden on 
the residents of Upcountry Maui and a comprehensive analysis of upgrade alternatives and a 
cost/benefit analysis is needed.   

  While the DOH report fulfilled the mandate in Act 125 to identify priority areas, it 
acknowledged the need for further analysis and continued stakeholder collaboration regarding 
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the problems and solutions in the report ƛƴ ƻǊŘŜǊ ǘƻ άŜƭƛƳƛƴŀǘώŜϐ ŎŜǎǎǇƻƻƭǎ ƛƴ ŀƴ ŜŎƻƴƻƳƛŎŀƭƭȅ 
ŦŜŀǎƛōƭŜ ǿŀȅέ. The aim of this research is to use evidence to help design nutrient pollution 
solutions that will reduce the most pollution at the least cost, while considering equity. We seek 
to identify and compare options including various types of cesspool upgrades and installation of 
sewers. To achieve the largest pollution reduction possible at the lowest cost, decision-makers 
require appropriate analytical tools to determine (i) how alternative management practices 
may influence groundwater nitrogen levels and at what cost; and (ii) where nutrient reductions 
would be most beneficial to meet both water quality regulations/objectives, and other social 
goals.  

While this άōŜǎǘ ōŀƴƎ ŦƻǊ ȅƻǳǊ ōǳŎƪέ mindset may seem simple, management of water 
ǉǳŀƭƛǘȅ ƛƴ Iŀǿŀƛ ƛ is characterized by complicated decisions under conditions of high 
uncertainty and risk. Managers frequently have to choose among complex and often competing 
environmental, social, and economic objectives ς and effects of management are often 
uncertain (Liu et al. 2012). Consequently, managers often rely on ad hoc decision making, which 
ultimately falls short of achieving desired outcomes. A more structured approach, informed by 
decision science, can increase conservation impact, reduce costs, and increase cooperation 
across management agencies.  

Structured decision making (SDM) is a collaborative process for decision-making that 
combines analytical methods from ecology and decision science with facilitation/negotiation 
and social psychology to develop rigorous, inclusive, and transparent decisions that balance 
multiple stakeholder objectives. It has been applied to resolve a spectrum of wicked 
environmental management problems. SDM draws on decision analysis (DA) ς a discipline with 
a deep theory and body of practice (Howard 1988; Pratt et al. 1995; Skinner et al. 2011) that 
uses established methods and tools to formally dissect key aspects of complex decisions in 
order to recommend actions that lead to outcomes that ultimately maximize expected utility 
(Keeney 1996).  

Decision analysis tools can lead to better outcomes for nature and people, stronger 
community support for actions, and more cost efficient and impactful choices (White et al. 
2012). It is particularly well suited to finding solutions to problems where there are many 
unknowns, or where risks may be high, as in the case ƻŦ IŀǿŀƛƛΩǎ ŎŜǎǎǇƻƻƭǎ. In the face of high 
levels of uncertainty in cost, benefit, feasibility, and effectiveness of management options, 
under accelerating future change, decision models maximize outcomes over long term planning 
horizons, while accounting for near term needs, resulting in more strategic decisions (Gregory 
et al. 2012). A decision analytic approach can evaluate alternate management and policy 
options, assess trade-offs, and identify optimal solutions and strategies (Huang et al. 2011; 
Linkov et al. 2006; White et al. 2012). 

The main project objectives are to:  1) identify a suite of cesspool replacement options, 2) 
develop a range of management alternatives to upgrade cesspools that incorporate feasibility, 
3) analyze environmental benefit of each alternative; 4) enumerate costs of the alternatives; 
and 5) provide recommendations on the alternatives relative to cost, environmental benefit, 
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and stakeholder-identified objectives. Overarching strategic goals are to begin building the 
framework for a much better academic-agency collaboration, and to pilot a collaborative 
decision-making framework with communities that will have pay-offs for agency decision 
making far into the future. Hopefully recommendations from this report can help the DoH craft 
proposed legislation and administrative action to the benefit of the people and environment of 
Hawai i. 

Approach 

Decision analysis  

At the request of the Hawaii Department of Health (DoH), we undertook a decision analysis 
process to evaluate the utility of proposed actions to address groundwater nitrogen pollution in 
Upcountry Maui. This process involved convening a local stakeholder group (Appendix I) and 
collaboratively engaging in a structured decision-making process. Stakeholders were identified 
via conversations with the DoH, and via emails from public comments on a DoH Upcountry 
Maui groundwater investigation report and public presentation (DOH, 2018). The Upcountry 
Maui Stakeholder Group consisted of 28 people, representing the state DoH, the county 
departments of water supply and environmental management, elected officials, farmers, 
ranchers, large landowners, concerned citizens and environmental groups. 

The structured decision-making process involves seven steps, consistent with a decision-
theoretic process. Below we summarize the following steps: 

1. Define problem 
2. Define objectives and select metrics 
3. Identify, cost and map feasible options (and constraints)  
4. Screen options  
5. Develop alternatives 
6. Estimate consequences (accounting for local preferences and values) 
7. Consider trade-offs 

 
All analysis was conducted in R Version 3.5.0 (R Core Team 2018) and ArcGIS 10.2.2 (ESRI 

2017) unless otherwise specified. 

Step 1. Problem Statement 

A problem statement addresses:  

¶ What is the decisionτwhat kind of action needs to be taken?  

¶ What triggered this decision; why does it matter?  

¶ Who is the decision maker?  

¶ What is the decision timing and frequency; are other decisions linked to this one?  

¶ What is the scope of the problem (how broad or complicated is it)? 
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¶ What are the legal context and constraints? 

Recent sampling data results and analysis have indicated elevated concentrations of nitrate 
in the aquifer underlying Upcountry Maui. These levels are approaching U.S. Environmental 
Protection Agency (EPA) safe drinking water standards in certain places 
(https://www.epa.gov/ground-water-and-drinking-water/national-primary-drinking-water-
regulations). DOH views these nitrate concentrations approaching the Maximum Contaminant 
Levels (10mg/L Nitrate ς measured as Nitrogen) as a significant groundwater contamination 
problem.  

Because DOH is charged with protecting scarce freshwater resources, it is obligated to 
work to correct the source of contamination. DOH identified Upcountry Maui as a Priority 1 
area for cesspool conversion (DOH, 2017). The DOH report to Legislature recommends 
immediate conversion, although there is no legal or regulatory requirement for the cesspools in 
Upcountry Maui to be upgraded any sooner than cesspools elsewhere in the State under this 
recommendation. Priority 1 designation (including Upcountry Maui) have priority for funds in 
the event that public funding was to become available.   

Independently, in 2017, the State of Hawaii passed Act 125 which mandated that all 
cesspools across the State be eliminated by 2050 to address water quality challenges.  

DoH is empowered to: make recommendations for action to the Hawaii State legislature, 
regulate cesspool upgrade options, and seek funding to address water quality in Upcountry 
Maui, and throughout the State, from other government sources, including infrastructure 
funds, depending on the actions proposed. DoH is also tasked with monitoring and enforcing 
any statutory or legislative actions that may be required.  

The State of Hawaii is empowered to pass new regulations. These include regulations that 
might assign funding, other incentives such as tax breaks, or penalties. They are also 
empowered to cost-share national infrastructure projects. The County of Maui can also cost-
share state and national infrastructure projects, and is empowered to install sewer, change 
zoning, and manage permitting of new infrastructure, which could facilitate or limit future 
developments.  

The community wishes to ensure that the burden for wastewater management is equitably 
shared among residents, and between residents, developers, and other parties. Parties do not 
all agree on what equity looks like. Some think that means that developers should pay, others 
that polluters should pay.  

Parties recognize that options for transitioning from cesspools to alternate waste 
management systems can involve large costs, and result in widely varying improvements to 
water quality depending on their type and site conditions. Some transition options may take a 
long time to realize. Since technology moves fast, and both efficacy and cost change rapidly, in 
that timeframe, the landscape of management options may change drastically ς with possibly 
better management and more economical options available in future. Consequently, there may 
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seem to be little incentive, particularly for individuals, to act now. However, dealing with the 
scale of change required means that action and planning is necessary now, particularly as large-
scale infrastructure options may be required, and some may become less feasible over time. 

It is also recognized that the estimated costs are likely to be significant, so a range of 
feasible options with different costs are desirable for affected individuals as well as options that 
could take the burden from individuals due to eligibility for public funding or possibly 
commercial investment.  

A range of management options are likely feasible, but those that are possible in 
Upcountry Maui have not yet been identified or costed. To address this data gap, the University 
of Hawaii is leading a process to identify, screen, and cost options to address nitrate 
contamination in Upcountry Maui groundwater. Existing design regulations and approval 
processes based on engineering and regulatory constraints exist for some options but not 
others; where these are not available, one constraint to implementation is that an approval 
phase would be required.  

To address this problem, we applied a structured decision-making process as a tool to work 
through and address the issues associated with groundwater management in Upcountry Maui. 
UH worked with a DoH-developed groundwater model to evaluate the effects of several 
alternatives, and with local stakeholders to develop objectives that reflect their goals, including 
protection of public health, and finally to evaluate the cost effectiveness of the alternatives.  
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Figure 1. Maui study area; study focuses on cesspool upgrade options for priority areas in Upcountry 
and North Maui. Priority One Area was identified by DOH, based on elevated nitrate concentrations in 
the Upcountry Maui groundwater and Statewide analysis (Whittier and El-Kadi 2014). 

Additional Concerns/Considerations related to the problem statement 

It is important to note that the stakeholder working group participants voiced fundamental 
disagreement with the key underlying premises of the problem. This project started from the 
fact that Upcountry Maui is a Priority 1 area, and its aims were to identify cost-effective and 
technically feasible options to upgrade cesspools in the area. Many of the stakeholders strongly 
disagreed with the prioritization of Upcountry for a number of reasons. They argued that that 
nitrogen flux from cesspools is a minor contributor compared to other sources; nitrogen from 
ŎŜǎǎǇƻƻƭǎ ŘƻŜǎƴΩǘ ǊŜŀŎƘ ǘƘŜ ƎǊƻǳƴŘǿŀǘŜǊΤ ƴƛǘǊƻƎŜƴ ƭƻŀŘǎ ƛƴ ǘƘŜ ƎǊƻǳƴŘǿŀǘŜǊ ŀǊŜ ōŜƭƻǿ 
drinking water standards nearly everywhere; evidence of contamination is limited to a handful 
of samples in a discrete area; no Upcountry residents get their water from the aquifer so 
ŘǊƛƴƪƛƴƎ ǿŀǘŜǊ ǎǘŀƴŘŀǊŘǎ ŀǊŜƴΩǘ ŀǇǇƭƛŎŀōƭŜΤ ǘƘŜ ƻƴƭȅ ǳǎŜǊǎ ƻŦ ǘƘŜ ŀǉǳƛŦŜǊ ŦƻǊ ŘǊƛƴƪƛƴƎ ǿŀǘŜǊ ŀǊŜ 
private for-profit developers who choose not to wait for municipal water supply; and there is 
no documented evidence of human health/stream/coastal impacts. One stakeholder raised the 
concern that municipal drinking water in Upcountry Maui included large amounts of 
chloramine, a chemical that may lead to increased nitrogen under the right circumstances. This 
issue was beyond the scope of this analysis, however, disinfectant residuals in drinking water 
are generally very low due to cost concerns and regulations (less than 0.5 mg/L). Still, inputs of 
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chloramine into drinking water and thus emissions via cesspools should be further investigated, 
and, if appropriate, incorporated into the groundwater model. The project team were able to 
use empirical evidence and modeling to discuss some of these valid arguments, but the issue of 
prioritization remains a thorny one that is outside the scope of this analysis. 
 

Step 2. Objectives and metrics 

Objectives were developed by the project team based on a series of consultations with 
members of the Upcountry Maui Stakeholder Group, including a site visit and one-on-one 
conversations with many members of the stakeholder group (Appendix I). We developed 
metrics to measure each objective (Table 1).  

Table 1. Objectives for groundwater nitrogen management and the metrics developed to evaluate them. 

 Objective Metric  

O1. Minimize costs  Costs ( C ) = Net present value of cost in USD 
2018  

O2.  Minimize costs to community (individual 
households, and the community overall) 

Mean cost (USD 2018) per 12,000 Upcountry 
Maui households over the 60-year cost 
horizon 

O3.  Meet State and EPA drinking water 
quality standards.  

State and EPA drinking water standards 
applied to groundwater: maximum 
concentration simulated by groundwater 
model is below 10mg/L nitrogen, measured 
as area under 10mg/L 

O4. Minimize aquifer nutrient loading Benefit (B) = change in nitrogen mass flux 
resulting from intervention 

O5. Minimize risk to drinking water aquifers 
 

Final groundwater N concentration below 
5mg/L, measured by area over 5mg/L 

O6. Maximize cost-efficiency in minimizing 
nutrient pollution 

Cost efficiency (CE) = B/C 

O7. Maximize equity  

 

1: Number of households implicated in 
alternative 
2: Worst polluters 

O8. Maximize equity Maui wide Difference in cost per household of upgrade 
per annum and mean sewer fees per annum 
across Maui  

O9. Meets existing design standards  Proportion of N reduction contributed by 
not yet approved technologies? For options, 
matrix of Yes/No 

O10  Minimizes Maintenance Burden  Qualitative classification conducted by 
engineers (High, Medium or Low levels of 
maintenance) 
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Additional Concerns/Considerations related to Fairness and Equity 

In SDM, alternative courses of action are assessed against the objectives to guide the 
decision. As noted in the problem statement, this analysis is focused on finding alternatives to 
upgrade the cesspools within Upcountry Maui, therefore some concerns and considerations 
could not be adequately captured at this scale. We discuss these below. 

Stakeholders raised concerns about fairness at two scales: within their community and 
more broadly at the county level. Stakeholders perceived an unfair burden to the homeowners 
compared to their other households with cesspools in Upcountry Maui, other Maui residents, 
ƛƴŎƭǳŘƛƴƎ ǘƘƻǎŜ ǿƛǘƘ ŎŜǎǎǇƻƻƭǎ ƛƴ άƴƻƴ-priority areas,έ as well as households who have the good 
fortune to be hooked up to the public sewer system. These concerns boil down to three 
questions: (1) Why should I have to pay if my neighbors ŀǊŜƴΩǘΚ όнύ ²Ƙȅ ǎƘƻǳƭŘ L ƘŀǾŜ ǘƻ Ǉŀȅ ƛŦ L 
am not the problem? (3) Why should I have to pay more than other people on Maui for my 
household waste disposal? We have tried to incorporate all three of these though Objectives 7 
and 8.  

An additional dimension of equity arose as some stakeholders believed that their long-term 
use of the ground as a receptacle for household wastewater only became a problem when 
developers starting tapping the groundwater to provide drinking water to new homes. Some 
felt that these developers should bear some (or all) of the costs of preserving the groundwater 
quality, as they were the ones privately profiting from the public good. Many stakeholders also 
doubted the relative importance of cesspools as a pollution source, compared to other 
offenders, such as agriculture. Indeed, legacy nitrogen from former sugarcane production is the 
largest current contributor to nitrogen in the broader area. However, little can be done about 
this source at this point  ς the legacy nitrogen is needs to work its way through the system, 
while cesspools are actively polluting the groundwater.  

Step 3. Identify, cost, map options 

Various cesspool upgrade options are available, and these are reviewed in more depth in 
Appendix II. The general categories of options include the following: 

¶ Treatment systems: these typically provide primary (physical) or secondary 

(including biological) treatment of raw household wastewater. Treatment systems 

include septic tanks and aerobic treatment units capable of nitrification and/or 

denitrification. 

 

¶ Disposal systems: these are paired with a treatment system as the means for 

appropriately disposing treated wastewater.  Examples of disposal systems are 

absorption systems (leach fields), seepage pits, and Presby Advanced Eniro-Septic®, 

which also includes a treatment component. 
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¶ Technologies requiring approval under the Hawaii Administrative Rules (HAR): 

these are feasible options included in the HAR, but require additional approval of 

specific designs and specifications.  Examples of these options are 

evapotranspiration and recirculating sand filters. 

 

¶ Innovative technologies: although these are not included in the HAR and will 

require more extensive review and certifications, they have potential as cesspool 

replacements. These types of technologies consist of either treatment and disposal 

options such as constructed wetlands, drip irrigation, and novel commercial 

systems such as Eliminite and NITREX. 

 

¶ Emerging technologies: these have been tested experimentally or in pilot field tests 

and have promising results. Many of these options are passive, requiring little or no 

maintenance. Methods include recirculating gravel filter systems, layered soil 

treatment systems, and nitrification/denitrification biofilters. More extensive 

studies, especially on their performance on Maui, will be necessary. 

 

¶ Alternative toilets: compost toilets are commercially available and incinerating 

toilets are in development. These are essentially zero-discharge systems with 

proper operation and maintenance. This allows for a home to set up a graywater 

(discharges not from toilets and kitchen sinks) reuse system. A wastewater 

treatment disposal system must still be present, however, because the State of 

Hawaii requires graywater to have an overflow pathway to prevent spills. 

 

¶ Sewering: homes can be connected via sewers in decentralized or centralized 

sanitary sewer system. In a decentralized system, groups of homes connected via a 

cluster system may have a satellite treatment facility and/or a common disposal 

system. This could be extended to a centralized system with more homes 

connected to a wastewater treatment plant. 

 

Table 2 shows the treatment and disposal options considered in this study (descriptions are 
found in Appendix II). Table 2 also shows the annual operation and maintenance costs which 
are considered independent of system size. Operation costs are for electricity and thus only 
those systems that require power have an operation cost. Electricity costs are generally very 
small for these systems (assumed 100W power draw, $0.35/KWH, thus $25/mo).  Maintenance 
costs are for inspection by a professional ($150) and for pumping/hauling/disposal of 
accumulated solids ($250).  Most of the systems are assumed to last for either 30 or 60 years, 
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at which time they will have to be replaced. This affects the 60-yr life cycle cost which is 
discussed further below. 

Table  Annual costs for operation and maintenance of OSDS treatment and disposal systems including 
replacement intervals 

 

 

Additional Concerns/Considerations related to management burden of upgrades 

Another concern is program management by the DOH. The DOH WWB is tasked with 
approving and managing OSDSs. Currently, OSDSs statewide are managed at the time of 
design/approval/installation and there are no resources for on-going management of the 
approximately 100,000 systems. The cesspool ban will mean that 88,000 systems will be 
upgraded and each will have to go through the approval process which includes review and 
approval of test data and design submittals from engineers, and keeping of records. This will be 
a huge task that would require several additional staff. In addition, it will become even more 
important for the DOH to implement a more comprehensive life-cycle type management 
program for OSDSs. Previous work by the investigator used USEPA guidance documents to 
establish minimum maintenance, performance and inspection standards for OSDSs in Hawaii. 
The recommended model was to issue, monitor, and enforce 2-yr cycle OSDS operating permits 
to homeowners, and to certify and license OSDS service providers and OSDS inspectors. The 
items produced included a model law, a management program framework and roles of all 
parties, minimum maintenance requirements, inspection checksheets & protocols, and 
application/renewal forms. 

OSDS Treatment and Disposal Systems Operation Maintenance
Replacement 

interval (yrs)

ATU-N $300 $400 30

ATU-N/DN $300 $400 30

Septic Tank $0 $400 60

Passive Biofilters (in-ground, medium, FL) $0 $400 60

Passive Biofilters (in-ground, high, FL) $0 $400 60

Composting toilets (also use for incinerating) $300 $400 30

Absorption System (bed or trench) $0 0 60

Constructed Wetland $0 $400 30

Disinfection $150 $50 20

Drip Irrigation $300 $150 30

Seepage Pit (new) $0 $400 60

Evapotranspiration $0 $150 60

NITREX ® $0 $400 30

Presby Advanced Enviro-Septic & De-Nyte ® $0 $125 60

Recirculating Sand Filter $300 $400 30

Eliminite ® $300 $150 30

Layered Soil Treatment System (MA) $300 $150 60

Gray Water system $0 $150 30

T
re

a
tm

e
n

t 

O
p

ti
o
n

s
D

is
p

o
sa

l O
p

ti
o
n

s



Upcountry Maui Cesspool Upgrade Analysis  FINAL Report 

   13 

 

Step 4. Screen options 

Each treatment and each disposal system has its own constraints and necessary site 
conditions, including groundwater elevation, lot size, soil percolation rate, topographic slope, 
location in a flood zone, proximity to inland or coastal waters, and surrounding density of 
cesspools (Table ). The characteristics and conditions of a site determine the feasibility of 
installing a given system at that site. For example, an absorption system can only be installed in 
an area with a slope of <12 percent, and a septic tank should be installed outside a flood zone 
and in an area not in proximity to the coast. It should be noted that while the feasibility of 
disposal systems are typically constrained by site conditions, treatment systems can generally 
be installed at any site independent of site conditions (WRRC, 2008).  

For each of the properties (TMKs) containing OSDS in the Upcountry Maui study area, we 
assessed the feasibility of each of the upgrade options considered, using geospatial data 
corresponding to the constraints. Publicly available spatial data for OSDS, TMKs, terrain slope, 
coastline, streams, and flood zones were obtained from the Hawaii Statewide GIS Program Data 
Portal (http://geoportal.hawaii.gov/; see Table 4 for dataset details). Data representing each of 
the site conditions were attributed to each OSDS point datum. A series of conditional 
statements were then applied in order to filter OSDS points by the constraints of a given system 
(Table ), to determine whether a given upgrade option was feasible for the site conditions of 
each OSDS. 

http://geoportal.hawaii.gov/
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Table 3. Constraints of system options. Y: Option is feasible, N: Option is not feasible/permitted; HAR 11-62; 1These are included as options in the 
HAR 11-62, but require additional review and approval. 2 ATU-N/DN and absorption systems used together with UV disinfection are assumed to 
be permitted for TMKs that are located < 50 feet from a body of water. 
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Options 
Category 

Options 

Treatment Septic Tank Y Y Y Y N 
Y if >50 ft 

away 

Treatment ATU, N or N/DN Y Y Y Y N 
Y if >50 ft 

away2 

Disposal 
Absorption Systems 

(Bed/Trench) 
Y if >3 ft 

Y if >minimum 
absorption area 
required by HAR 

Y if 60 to 1 
min/in 

Y if <12% (Trench used 
if 8% <slope <12%) 

N 
Y if >50 ft 

away2 

Disposal Seepage Pit Y if >3 ft Y 
Y if 60 to 1 

min/in 

Y ƛŦ җ мн҈ and 
absorption system not 

feasible 
N 

Y if >50 ft 
away 

Treatment Chlorine Disinfection Y Y Y Y N 
Y if >50 ft 

away 

Treatment UV Disinfection Y Y Y Y N Y 

Disposal 
Presby Advanced Enviro-

Septic and De-Nyte 
Y 

Y if >minimum 
absorption area 
required by HAR  

Y if 60 to 1 
min/in 

Y N 
Y if >50 ft 

away 

Approval 
Required1 Evapotranspiration Y Y Y Y if <12% N 

Y if >50 ft 
away 

Approval 
Required1 Recirculating Sand Filter Y Y Y Y N 

Y if >50 ft 
away 

Innovative 
Technologies 

Constructed Wetland Y if >3 ft Y Y Y if <12% N 
Y if >50 ft 

away 
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Options 
Category 

Options 

Innovative 
Technologies 

Drip Irrigation Y 
Y if >minimum 

absorption area 
required by HAR 

Y Y N 
Y if >50 ft 

away 

Innovative 
Technologies 

Eliminite Y Y Y Y N 
Y if >50 ft 

away 

Innovative 
Technologies 

NITREX Y Y Y Y N 
Y if >50 ft 

away 

Emerging 
Technologies 

Recirculating Gravel Filter 
System (WA) 

Y Y Y Y N 
Y if >50 ft 

away 

Emerging 
Technologies 

Passive Treatment Units 
(medium and high 

treatment) (FL) 
Y Y Y Y N 

Y if >50 ft 
away 

Emerging 
Technologies 

Disposal by Layered Soil 
TreatƳŜƴǘ όά[ŀȅŜǊ /ŀƪŜέύ 

Systems (MA) 
Y if >3 ft Y Y Y if <12% N 

Y if >50 ft 
away 

Emerging 
Technologies 

Disposal by 
Nitrification/Denitrification 

Biofilter (NY) 
Y Y Y Y N 

Y if >50 ft 
away 

Alternative 
Toilets 

Compost/Incinerating/ 
Nano-Membrane Toilets 

Y Y Y Y Y Y 

Sewering Decentralized/Centralized Y Y Y Y Y Y 
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Table 4. Geo datasets used in feasibility evaluation 

Constraint Dataset Geoprocessing 

Slope Hawaii Statewide DEM 5-meter ArcMap Spatial Analyst Toolbox: 
Slope tool 

Streams (distance 
from) 

Streams (from DLNR, Division of 
Aquatic Resources) 

Near tool; generates distance of 
each TMK from stream polylines 

Coastline Coastlines MHI (from Office of 
Planning, State of Hawaii) 

Polygon to Polyline Conversion tool. 
Near tool; generates distance of 
each TMK from coastline polylines 

Lot size Parcel/TMK maps for Neighbor 
Islands (from Statewide GIS 
Program, Office of Planning, 
State of Hawaii) 

Calculate geometry: Area 

Area available for 
absorption-type 
systems 

Parcel/TMK maps for Neighbor 
Islands (from Statewide GIS 
Program, Office of Planning, 
State of Hawaii) 

Calculate geometry: Area. 
Subtract house size:  

¶ For lots V5000 sf: house Җ50% lot 

size 

¶ For lots >5000 sf: house = 3000 sf 

Flood zone FEMA Special Flood Hazard Areas 
for the State of Hawaii 

Spatial Join: 

¶ Join features: flood data (field of 

interest: FLD_ZONE) 

¶ Target features: OSDS 

¶ Screening: FLD_ZONE  άȄέ όŀǊŜŀǎ 

outside the 1-percent annual 

chance floodplain and areas 

protected from the 1-percent 

ŀƴƴǳŀƭ ŎƘŀƴŎŜ ŦƭƻƻŘ ōȅ ƭŜǾŜŜǎέ 
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Figure 2. Disposal options evaluated were constrained by the site limitations. 

 

Additional Concerns/Considerations related to technical options 

Some options present technical considerations that are quite specific, and outside of the 
technical review. For instance, households with alternative (zero-discharge: composting or 
nano/Gates) toilets will also have to deal with other wastewater flows (other than toilets). 
Household wastewater consists of black water and gray water. According to the Guidelines for 
the Reuse of Gray Water (HDOH Wastewater Branch, 2009), black water is defined as 
wastewater discharged from toilets, urinals, and food preparation sinks (kitchen sinks). Gray 
water is defined as wastewater discharge from: showers and bathtubs, hand-washing 
lavatories, sinks (not used for disposal of hazardous, toxic materials food preparation, or food 
disposal), and clothes-washing machines (excluding wash water with human excreta, e.g., 
diapers). Gray water reuse is not currently permitted in the County of Maui, and the current  
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HDOH Guidelines require a wastewater treatment system. As stated in the Guidelines, a 
gray water reuse system must have an overflow pathway to the county sewer system or an 
individual wastewater treatment system. Thus, there are two issues for current cesspool 
systems that upgrade to zero-discharge toilets: 1) kitchen sink water is considered black water 
that would still require an OSDS, and 2) all gray water systems require an overflow pathway for 
flows in excess of that needed for in-yard reuse to prevent overflow/spills. It is possible that the 
overflow issue (2) could be handled by a seepage pit (converted cesspool). However, the 
kitchen sink blackwater issue (1) would necessitate a change in the guidelines in order remove 
the need for an approved OSDS system (cesspool upgrade). A gray water system is simply a 
storage tank and an irrigation systŜƳ ŀƴŘ ŘƻŜǎ ƴƻǘ ƛƴŎƭǳŘŜ ŀƴȅ ǘȅǇŜ ƻŦ άǘǊŜŀǘƳŜƴǘέ ŦƻǊ ǊŜƳƻǾŀl 
of items washed down the kitchen sink. Thus, the sticking point is that kitchen sink use would 
have to be strictly controlled (including banning in-sink grinders) or else the gray water tank 
would end up rapidly accumulating every manner of ground up materials discharged and these 
materials would be subject to biodegradation, septic conditions, odors, etc.  The most practical 
solution would be source control ς but this would require a fairly major change in human 
behaviour and that may not happen with the necessary reliably. Maui County would also have 
to adopt a rule allowing gray water systems. 

Stakeholders were concerned that many of the geographically extensive options would 
either not fit on the properties or require destruction of gardens, many of which provide 
sustenance and income to Upcountry Maui residents. Nearly all of the properties in the study 
area have enough space for one or more alternative cesspool upgrade systems, but nearly all 
do require significantly more space than cesspools. However, these systems are all located 
underground and do not preclude co-location of gardens on top if necessary. If a resident had a 
health concern in such a situation, a raised-bed garden with an impermeable bottom liner could 
be utilized.  
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Step 5. Alternatives 

Alternatives are treatment+disposal options packaged together that could be implemented 
across the study area. Creating and evaluating a range of well-defined internally coherent 
alternatives (or packages of management and policy actions) is central to good decision-
making. Good alternatives should be collaborative to ensure the full range of stakeholder 
priorities are captured in the alternatives developed and evaluated. To support this process, we 
undertook alternatives development in two phases.  

In the initial phase, using feedback from stakeholder consultations, the project team 
developed simple ŀƭǘŜǊƴŀǘƛǾŜǎ ǘƘŀǘ ŀƭƭƻǿŜŘ ǎǘŀƪŜƘƻƭŘŜǊǎ ǘƻ ŜȄǇƭƻǊŜ άǿƘŀǘ ƛŦέ ǎŎŜƴŀǊƛƻǎ ǿƛǘƘƻǳǘ 
needing to specify exact design details, and a set of alternatives based on several discussions 
with stakeholders that captured the suite of options available (see Appendix II), and ensured 
options relevant to the full range or stakeholders were incorporated.  In the second phase, to 
ensure stakeholder needs were addressed, we conducted a facilitated alternative development 
workshop (combined in person and online) with the stakeholder group. The workshop included 
13 participants, including members of the upcountry Maui community associations, Maui 
County Council, Maui County Farm Bureau, Agricultural Working Group, and Hawaii 
Department of Health. The University of Hawaii Institutional Review Board advised that human 
subjects clearance was not required for this process, however we handed out informational 
sheets to all participants explaining the purpose and approach of the project, with contact 
information should participants feel the need to follow up with the Principal Investigators or 
¦IΩǎ Lw.Φ   

In the stakeholder workshops we conducted two focused alternative development 
activities, where we worked with groups of stakeholders to develop alternatives. The two 
activities, (1) Bookends, and (2) Visioning, are described below. Notes from this process are 
provided in Appendix III.  

 
1. Bookends: To explore the implications of focusing on each objective, we asked three groups 

of stakeholders to think of and define a strategy that they believed would perform 
ΨAMAZINGLYΩΣ for each objective, with no consideration of other implications ς a modified 
ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ ŀ άōƻƻƪŜƴŘǎέ ŀǇǇǊƻŀŎƘ όDǊŜƎƻǊȅ нлмнύΦ Subsequently participants were 
asked to consider how they thought the selected strategy or strategies would perform 
against other criteria and with that in mind, to consider whether other options might 
perform equally well for the objective under consideration, but better against other 
objectives.  

 
2. Visioning: We asked stakeholders to construct alternatives for two situations (A and B) 
ōŜƭƻǿΦ tŀǊǘƛŎƛǇŀƴǘǎ ǿŜǊŜ ŀǎƪŜŘ ǘƻ ŦƻŎǳǎ ƻƴ Ψƻǳǘ-of the-bƻȄΩ ƻǇǘƛƻƴǎΣ ŀƴŘ ǘƻ ƛŘŜƴǘƛŦȅ ŀƴŘ 
record risks, challenges or barriers, rather than dismissing ideas due to perceived barriers or 
novelty.   
A. Everybody wins: Here we asked participants to build on the first activity to identify 

solutions that might improve performance against all objectives, identify potential 
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barriers or reasons why a solution may not perform well against all criteria, and then 
focus on how they might be overcome, or what other options or tweaks might perform 
better across the board.  

 

B. Funding potential: Here we asked participants to focus on options that would reduce or 
remove costs to the homeowner or leverage opportunities for other funding.  

 
Subsequent to these activities, the project team developed a set of 38 alternatives that 
captured the full decision space (see Table 5). To construct these alternative, options were 
screened for feasibility (ŀǎ ǇŜǊ ƳŜǘƘƻŘǎ ŘŜǎŎǊƛōŜŘ ƛƴ ά/ƻƴǎǘǊŀƛƴǘǎέ) to inform the spatial 
allocation of options within alternatives, such that only options screened as feasible for a 
given site could be selected for that site. Alternative development included consideration of 
options that would be implemented under a range of feasibility constraints. The results of 
the screening process for each alternative for each TMK are shown in Table 6. A few things 
can be highlighted from Tables 5 and 6 as follows: 
 

¶ Alt4B (septic tank + seepage pit) has the least nitrogen removal at only 10%. Other 

septic tank Alts have nitrogen removal efficiencies of 47% to 98% 

¶ The Alts that incorporate ATUs with nitrification only, have removals from 53% to 

71% (plus a zero-discharge option (ET) which gives 100% removal) 

¶ The Alts that incorporate ATUs with nitrification + denitrification, have removals 

from 50% to 71%. These could also add ET for 100% removal. 

¶ The data set that was used for this study includes 11,956 TMKs in the study area, 

however, only 8,540 have OSDSs and of those, there are 6,198 that have cesspools. 

These numbers are somewhat different than the DOH references (10,040 OSDSs and 

7,400 cesspools)  

¶ The maximum slope constraint of 12% affects absorption disposal systems for many 

of the TMKs with cesspools. Absorption disposal systems can only be used on 3,394 

of the TMKs. For the other 2,804 TMKs with cesspools, the existing cesspool can be 

cleaned and converted into a seepage pit (Alt4B). Thus, for septic tank Alts, the 

fallback option is Alt4B (septic tank + seepage pit), and for ATU Alts, the fallback 

option is Alt16 (ATU-N/DN + disinfection + seepage pit). 

¶ Sewering Makawao will result in closure of 1,712 cesspools 

¶ Sewering the remainder of Pukalani will result in closure of 1,217 cesspools  

¶ Sewering both Pukalani and Makawao will result in 2,929 cesspools
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Table 5. Alternatives considered 

Code Name Description 

1 
Septic Tank to Absorption System: 47% 
Reduction 

47% uniform reduction in N (mg/L) outputs 
at each Household. 

2 
Septic Tank to Constructed Wetland: 53% 
Reduction 

53% uniform reduction in N (mg/L) outputs 
at each Household. 

3 
Septic Tank to RSF to Drip Irrigation: 69% 
Reduction 

69% uniform reduction in N (mg/L) outputs 
at each Household. 

4 
Septic Tank to RSF to Seepage Pit: 47% 
Reduction 

47% uniform reduction in N (mg/L) outputs 
at each Household. 

4B 
Septic Tank to Seepage Pit: 10% Reduction 

10% uniform reduction in N (mg/L) outputs 
at each Household. 

5 
Septic Tank to Eliminite to Absorption 
System: 80% Reduction 

80% uniform reduction in N (mg/L) outputs 
at each Household. 

6 
Septic Tank to Presby: 78% Reduction 

78% uniform reduction in N (mg/L) outputs 
at each Household. 

7 
Septic Tank to NITREX to Absorption System: 
98% Reduction 

98% uniform reduction in N (mg/L) outputs 
at each Household. 

8 
Septic Tank to Recirculating Gravel Filter 
System to Absorption System: 84% Reduction 

84% uniform reduction in N (mg/L) outputs 
at each Household. 

9 
Septic Tank to "Layer Cake": 55% Reduction 

55% uniform reduction in N (mg/L) outputs 
at each Household. 

10 
Septic Tank to Lined/Sequence D/DN 
Biofilter: 91% Reduction 

91% uniform reduction in N (mg/L) outputs 
at each Household. 

11 
ATU-N to Absorption System: 53% Reduction 

53% uniform reduction in N (mg/L) outputs 
at each Household. 

12 
ATU-N/DN to Absorption System: 71% 
Reduction 

71% uniform reduction in N (mg/L) outputs 
at each Household. 

13 
ATU-N to Constructed Wetland: 58% 
Reduction 

58% uniform reduction in N (mg/L) outputs 
at each Household. 

14 
ATU-N to ET: 100% Reduction 

100% uniform reduction in N (mg/L) outputs 
at each Household. 

15 
ATU-N to Disinfection to Drip Irrigation: 71% 
Reduction 

71% uniform reduction in N (mg/L) outputs 
at each Household. 

16 
ATU-N/DN to Disinfection to Seepage Pit: 
50% Reduction 

50% uniform reduction in N (mg/L) outputs 
at each Household. 

17 
Passive FL Units (medium, in-ground): 71% 
Reduction 

71% uniform reduction in N (mg/L) outputs 
at each Household. 

18 
Passive FL Units (high) to Absorption System: 
91% Reduction 

91% uniform reduction in N (mg/L) outputs 
at each Household. 
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19 High Impact 
The 20% worst offenders (by N flux) upgrade 
to best N reduction option.  

      

20 
Private Company pays for installation, then 
fees 

Decentralised Treatment Units are installed 
in very high density areas.  Elsewhere: the 
cheapest feasible traditional option (i.e. 
cheapest from alts 1-18 is applied). 
Regulatory changes require any new 
developments above same density (or 
lower) to incorporate.  

21 O&M borne by users (cost of O&M) 

22 
Fed infrastructure fund + State + Maui 
County - Fees = same as rest of Maui 

23 
Private Company pays for installation, then 
fees 

Decentralised Treatment Units are installed 
in very high density areas.  Elsewhere: the a 
very effective option is applied (Membrane 
Bioreactor). Regulatory changes require any 
new developments above same density (or 
lower) to incorporate .  

24 O&M borne by users (cost of O&M) 

25 
Fed infrastructure fund + State + Maui 
County - Fees = same as rest of Maui 

      

26 
Private Company pays for installation, then 
fees 

Sewer all sites in MAKAWAO. Estimate costs 
based on roughly the capcaity needed based 
on that volume/ density + a guess at how 
much extra might appear in build out.  

27 O&M borne by users (cost of O&M) 

28 
Fed infrastructure fund + State + Maui 
County - Fees = same as rest of Maui 

29 
Private Company pays for installation, then 
fees Sewer all sites in Pukalani not already on 

sewer. Estimate costs based on rough costs 
of upgrades.  

30 O&M borne by users (cost of O&M) 

31 
Fed infrastructure fund + State + Maui 
County - Fees = same as rest of Maui 

32 
Private Company pays for installation, then 
fees 

Sewer all sites in Makawao + Pukalani not 
already on.  

33 O&M borne by users (cost of O&M) 

34 
Fed infrastructure fund + State + Maui 
County - Fees = same as rest of Maui 

      

35 Well head treatment: 0% Reduction 

No change in groundwater nitrogen 
concentration. Water is drinkable at tap. 
User pays (no cost to householders for 
sewer, but there would be a cost passed on 
to those who use the water). 

      

36-
38 

Composting Toilet (1-3): 100% Reduction 
Everyone gets a composting toilet (as for 1-
19).  
1. Modify grey water rules and have grey 
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water system overflow into existing system.   

2. Modify grey water rules and have grey 
water system overflow into cesspool or 
existing unit 

3.Modify grey water rules and have grey 
water system overflow   into the minimum 
feasible solution - seepage pit.  

1 If the alternative disposal option was not feasible, the second choice was the same 
alternative treatment with an absorption system, and the third choice was the same alternative 
treatment with a seepage pit. About 150 TMKs are located less than 50 feet from a body of 
water. The upgrade option for these TMKs is ATU N/DN with UV disinfection and an absorption 
system. 
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Table 6. Summary results of alternatives screening 

 

 

# of TMKs 

Total in 

Area

# of TMKs 

with OSDSs

# of TMKs 

with 

Cesspools

# of TMKs with 

cesspools 

Upgraded

# of TMKs 

connected 

to Sewer

a b c

0 Baseline conditions with cesspools 11,956 8,540 6,198 6,198 0 N/A N/A N/A

1 Septic Tank to Absorption System: 47% Reduction 11,956 8,540 6,198 6,198 0
Alt1     

3394

Alt4B          

2804
N/A

2 Septic Tank to Constructed Wetland: 53% Reduction 11,956 8,540 6,198 6,198 0
Alt2     

3394

Alt4B          

2804
N/A

3 Septic Tank to RSF to Drip Irrigation: 69% Reduction 11,956 8,540 6,198 6,198 0
Al3        

6198
N/A N/A

4 Septic Tank to RSF to Seepage Pit: 47% Reduction 11,956 8,540 6,198 6,198 0
Al4        

6198
N/A N/A

4B
Septic Tank to Seepage Pit: 10% Reduction (1.5 BR; 70 

gal/person)
11,956 8,540 6,198 6,198 0

Al4B        

6198
N/A N/A

4B_HI
Septic Tank to Seepage Pit: 10% Reduction (2/BR; 100 

gal/person)
11,956 8,540 6,198 6,198 0

Al4B        

6198
N/A N/A

4B_LO
Septic Tank to Seepage Pit: 10% Reduction (1/BR; 70 

gal/person)
11,956 8,540 6,198 6,198 0

Al4B        

6198
N/A N/A

4B_Census
Septic Tank to Seepage Pit: 10% Reduction (2010 

census/no. BR; 100 gal/person)
11,956 8,540 6,198 6,198 0

Al4B        

6198
N/A N/A

5
Septic Tank to Eliminite to Absorption System: 80% 

Reduction
11,956 8,540 6,198 6,198 0

Alt5     

3394

Alt4B          

2804
N/A

6 Septic Tank to Presby: 78% Reduction 11,956 8,540 6,198 6,198 0
Alt6     

3394

Alt4B          

2804
N/A

7
Septic Tank to NITREX to Absorption System: 98% 

Reduction
11,956 8,540 6,198 6,198 0

Alt7     

3394

Alt4B          

2804
N/A

8
Septic Tank to Recirculating Gravel Filter System to 

Absorption System: 84% Reduction
11,956 8,540 6,198 6,198 0

Alt8     

3394

Alt4B          

2804
N/A

9 Septic Tank to "Layer Cake": 55% Reduction 11,956 8,540 6,198 6,198 0
Alt9     

3394

Alt4B          

2804
N/A

10
Septic Tank to Lined/Sequence D/DN Biofilter: 91% 

Reduction
11,956 8,540 6,198 6,198 0

Alt10     

3394

Alt4B          

2804
N/A

11 ATU-N to Absorption System: 53% Reduction 11,956 8,540 6,198 6,198 0
Alt11     

3394

Alt16          

2804
N/A

12 ATU-N/DN to Absorption System: 71% Reduction 11,956 8,540 6,198 6,198 0
Alt12     

3394

Alt16          

2804
N/A

13 ATU-N to Constructed Wetland: 58% Reduction 11,956 8,540 6,198 6,198 0
Alt13     

3394

Alt16          

2804
N/A

14 ATU-N to ET: 100% Reduction 11,956 8,540 6,198 6,198 0
Alt14     

3394

Alt16          

2804
N/A

15 ATU-N to Disinfection to Drip Irrigation: 71% Reduction 11,956 8,540 6,198 6,198 0
Al15        

6198
N/A N/A

16 ATU-N/DN to Disinfection to Seepage Pit: 50% Reduction11,956 8,540 6,198 6,198 0
Alt16          

2804

Alt12        

3394
N/A

17
Passive FL Units (medium) to Absorption System: 71% 

Reduction
11,956 8,540 6,198 6,198 0

Alt17     

3394

Alt16          

2804
N/A

18
Passive FL Units (high) to Absorption System: 91% 

Reduction
11,956 8,540 6,198 6,198 0

Alt18     

3394

Alt16          

2804
N/A

19A
High impact: Septic Tank to Presby: 78% Reduction 

(highest mass reduction in alt 1-18)
11,956 8,540 6,198 1,839 0

Alt6     

1023

Alt4B          

816
N/A

19B
High Impact: ATU-N to ET: 100% Reduction (smallest area 

with >5 mg/L in alt 1-18)
11,956 8,540 6,198 1,871 0

Alt14      

992

Alt16           

847
N/A

20-21-22 Sewer Makawao, ST to Presby (cheapest option) 11,956 8,540 6,198 4,329 1,712
Alt6     

2311

Alt4B          

2383

Alt12        

123

23A-24A-25A
Sewer Pukalani, ATU-N to ET (smallest area with >5 mg/L in 

alt 1-18) where possible
11,956 8,540 6,198 4,824 1,217

Alt16          

2320

Alt14          

2870
N/A

23B-24B-25B
Sewer Pukalani, ST to Presby (highest mass reduction in alt 

1-18) where possible
11,956 8,540 6,198 4,824 1,217

Alt6     

2948

Alt4B          

2320
N/A

26-27-28 Sewer Makawao only, no cesspool upgrades 11,956 8,540 6,198 4,329 1,712 N/A N/A N/A

29-30-31 Sewer Pukalani only, no cesspool upgrades 11,956 8,540 6,198 6,198 1,217 N/A N/A N/A

32-33-34 Sewer Makawao & Pukalani, no other upgrades 11,956 8,540 6,198 6,198 2,929 N/A N/A N/A

35 Wellhead treatment (results same as base model) 11,956 8,540 6,198 6,198 0 N/A N/A N/A

36-37-38 Compost toilets, no effluent N 11,956 8,540 6,198 6,198 0 N/A N/A N/A

Alt # Alternative

Type of UpgradeTMKs
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Step 6. Estimating consequences 

Costs 

For each cost objective (Objectives 1 and 2) we estimated both capital costs and operation 
and maintenance costs over a standardized 60-year time horizon. Capital costs for equipment 
were based on manufacturer/vendor price quotes and catalogues. Detailed itemized 
installation costs for equipment, labor, and professional services (engineering, plumbing, 
electrician) were based on discussions with contractors and service providers with many years 
of experience installing all types of on-site systems in Hawaii. Costs for equipment were based 
on quotes from Hawaii-based vendors and representatives. 

Costs are based on the size of the OSDS system required for the number of bedrooms for 
each TMK at a rate of 200 gallons per day (gpd) per bedroom. Individual systems are limited by 
DOH rules to 1,000 gpd each (5 bedrooms). Size requirements for septic tanks, ATUs, 
absorption systems, and seepage pits were determined according to the requirements in HAR 
11-62 Wastewater Systems. For other types, we used industry standard sizing criteria and unit 
costs. The size of the absorption systems is dependent upon soil percolation rates. The DOH 
WWBranch pulled a large set of permits for several areas of Upcountry Maui and we were able 
to determine typical percolation rates by area as follows:  

¶ Haiku (15 to 30 min/inch) 

¶ Kula (10 to 15 min/inch) 

¶ Makawao (15 to 20 min/inch) 

¶ Pukalani (15 min/inch) 

¶ Design value used for all TMKs: 20 min/inch  

This gives an area requirement of 175 square feet per bedroom assuming that plastic dome 
infiltrator units are used which receive a 17% area reduction. The values for estimated capital 
Ŏƻǎǘǎ ƛƴŎƭǳŘŜ ƭŀōƻǊΣ ƳŀǘŜǊƛŀƭǎΣ ŜǉǳƛǇƳŜƴǘΣ ƳƻōƛƭƛȊŀǘƛƻƴΣ ƛƴǎǘŀƭƭŀǘƛƻƴΣ ŎƻƴǘǊŀŎǘƻǊΩǎ ƻǾŜǊƘŜŀŘ ŀƴŘ 
profit, and construction contingencies. Operation and maintenance costs include electricity, 
maintenance inspections, and tank pumping/hauling/disposal, considered for a 60-year lifetime 
of the system, including replacements as necessary. Variations in cost may occur due to site 
conditions such as soil type (e.g., excavation in rock), site isolation or accessibility, or slope.  

Table  shows the costs estimated for site work associated with OSDS installation. Additional 
costs will be incurred for each system including permit fee ($100), engineering fees ($4,000), 
plumber connection fee ($500), and sometimes electrician connection fee ($500). Table  shows 
the costs for equipment/materials for treatment and disposal options for systems sized for one 
to five bedrooms.  The costs for ATUs are based on vendor quotes from Hawaii firms/reps: 
International Wastewater Technologies, OESIS, WaiponoPure, FujiClean and Presby for which 
there is a fairly large range for 1 bedroom to 5-bedroom sized units. We used reasonable values 
rather than only the least expensive and this gave values of $9,000 for 1BR to $15,000 for 5BR. 
Note, it is possible to get a small unit for $5000 and a 5BR size unit for $10,000, however, we 
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assumed that not everyone will choose these least-cost options. The costs for septic tanks have 
a larger range of costs based on the material of construction. There are only two sizes for septic 
tanks 1,000 gallons (1-4BR) and 1,250 gallons (5BR). Concrete tanks range from $3,500-4,500, 
FRP tanks cost $2600-3,300, and some light plastic units can be purchased for around $1,500. 
However, the light units are not considered durable enough to last for 60 years as used in this 
study. We assumed a range of $3000 to $4,500 for these tanks.  

Table 9 shows the total installed costs for each individual treatment and disposal system 
which includes equipment, additional fees, and site work. Table 2 (above) shows the annual 
operation and maintenance costs for the OSDS options as well as the replacement interval. 
Operation costs include electricity which is based on approximately 100W continuous draw and 
electricity cost of $0.35/kWh. Maintenance costs include annual pumping ($250) and inspection 
($150). Systems must be completely replaced after either 30- or 60-years thus incurring the full 
installation cost again at that time. Table 10 shows the installed costs for each alternative 
combination of treatment and disposal systems. Table  shows the total installation cost for 
Upcountry Maui for each alternative by summation of the cost for each TMK based upon the 
number of bedrooms. The data are arranged in lowest to highest capital cost which range from 
a low of $18 million to a high of $264 million.  We calculated the net present cost (NPV) of 
initial installation, replacements in the future, and annual operation and maintenance of all the 
cesspool upgrades for a 60-year period (also in Table ), in 2018 dollars. We used two discount 
factors reflecting the private cost of capital (5% home equity loan rate) and a rate reflective of 
public sector investment (2.8%) (OMB 2016). In both cases, we applied an annual inflation rate 
ƻŦ мΦу҈ όōŀǎŜŘ ƻƴ wŜŀƭ D5t ŦƻǊ IŀǿŀƛƛΩǎ ŜŎƻƴƻƳȅΣ aŀǊŎƘ нлмтΤ ŘōŜŘǘΦƘŀǿŀƛƛΦƎƻǾύΦ CƻǊ ǘƘŜ 
2.8% discount rate, the NPV ranges from $22 million to $785 million. For the 5% discount rate, 
the range is from $20 million to $551 million. 

For this project, we did not provide a range of costs for any systems or Alts, instead, we 
provide a single best estimate for the purchase/installation/operation/maintenance of each 
system under typical local conditions. Site-specific, non-standard conditions, such as locally 
poor soils, unknown underground utilities, undocumented structures, the need for removal of 
large trees, necessity to place systems in traffic bearing areas, contractor availability/scarcity, 
etc. could increase costs substantially. The amounts of these increases can be predicted only 
with detailed engineering analysis of each property, including site visits, records searches, soil 
tests, etc. that will be required for each property as part of the normal design/permitting 
process. It is estimated that costs could increase by up to 50% in the worst case.  It is also 
possible that costs could decrease in the future as cesspool replacements ramp up to large 
numbers, additional contractors emerge, new technologies become common, and volume 
discounts become possible.    

Cost Efficiency 

We calculated the cost efficiency (CE; Objective 6, as the difference in nitrogen 
concentration from baseline (Benefit, B, in kg nitrate) divided by the cost of the upgrades (C, 
NPV in $USD2018) i.e. a modified Cost-Benefit Analysis, then ranked the options. 
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Equity 

For objectives related to equity (Objectives 7,8), we evaluated equity within the Upcountry 
Maui community by calculating the number of households implicated in each alternative (which 
can be compared to the number of households in the entire community), and across the 
broader community of Maui by looking at the difference between the per annum costs borne 
by the Maui households for the alternative vs. the standard sewage fees a Maui household 
pays. 

Costs Summary 

Tables 7, 8, 9, and 10 present the costs calculated in this study.  Several findings can be 
highlighted as follows: 

¶ Sitework to install treatment systems costs about $6,000, and sitework to install a 

disposal system plus close/convert a cesspool costs about $4,000. 

¶ Installed costs for septic tanks are $15,000-$17,000 and for ATUs are $22,000-

$30,000 for 1BR - 5BR size units. 

¶ Composting toilets cost $2,200 each, installed. The new nano/gates toilets are still 

several years away, however, it is likely that these toilets will be priced similar or 

possibly lower than composting toilets  

¶ Installed costs for absorption disposal systems are $4,000 - $7,000 for 1BR - 5BR 

size systems (this assumes an average of 175 sf/BR). 

¶ Drip irrigation disposal systems cost $8,000-$9000 and Evapotranspiration systems 

which are zero-discharge disposal systems cost $5,000-$9,000 for 1BR - 5BR size 

systems 

¶ Installed costs for gray water systems are $4,000-$5000 for 1BR - 5BR size systems 

¶ Total installed costs for treatment and disposal at a typical 3BR home depend on 

the type of system: 

o Septic tank-based systems where good N removal (>60%) is not required can 

cost $21,000 to $25,000. 

o The lowest cost package system ($16,000) is septic tank plus seepage pit 

which is suitable only where absorption is not feasible (due to slope, soil) 

o Septic tank-based systems with high N removal (80-98%) cost $25,000-

$33,000. 

o ATU based systems mostly cost from $27,000 to $32,000, with two 

expensive systems that are over $40,000. 

¶ Costs for installing the various upgrade alternatives in all 6,198 TMKs with cesspools 

(and thereby meeting the cesspool ban) range from $102M to $165M for septic 

tank-based systems and from $191M to $231M for ATU-based systems. The total 
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cost for upgrading to composting toilets is between these two ranges at $186M 

(these systems include replacing all toilets, adding a gray water system, and 

upgrading the cesspool to a seepage pit). 

¶ Costs for several alternatives that do not upgrade all cesspools (do not meet ban) 

such as wellhead treatment, addition of sewers only in Pukalani/Makawao, and 

upgrading only the highest nitrogen emitters, are lower, ranging from $18M-$96M 

 

Table 7 Cesspool upgrade site work cost estimate 

 

 

 

 

Cost Item

ATU or          

Septic Tank

Absorption 

System

Cesspool 

Closure

Cesspool 

Conversion

Clearing and grubbing including small trees (landscaper) 

including haul away 1000 incl 0 0

Tree removal (larger trees) cut and hauk away and grind the 

stump ($1000+) per tree depending on size. Try to avoid. 0 0 0 0

Reseed grass and other replanting by landscaper 500 incl 0 0

Excavation and backfill: back hoe at $1500 per day w/operator 

and haul away excess, one day for tank plus one day for 

absorption system. If require mini excavator due to access 

issues, requires 4 days at $750 per day 1500 1500 750 0

Granualar bed/backfill material delivered at $20/cu yd 300 600 750 0

Shoring for excavation: Aluminum: $800-1500 per week 

delivered and picked-up 1000 0 0 0

Rebuild fence or wall: Wood or moss rock, 8 ft; $500 

(carpenter) to $1500 for moss rock wall 750 incl 0 0

Vibrator for compaction: $100/day 150 150 0 0

Laborer to help with installation at $150/day 750 incl 0 0

Water for tank install: Use house water if can at $0; if water 

truck (1000 gal) at $1000 0 0 0 0

Cesspool pump out (500), cesspool clean (500), cesspool 

percolation test (1000) 0 0 500 2000

Total cost 5950 2250 2000 2000
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Table 8 Costs for equipment/materials for OSDS treatment and disposal systems 

 

Table 9 Total installed costs for individual OSDS treatment and disposal systems 

 

 

1BR 2BR 3BR 4BR 5BR

ATU-N $9,000 $9,000 $10,500 $12,000 $15,000

ATU-N/DN $10,500 $10,500 $12,000 $13,000 $17,000

Septic Tank $3,000 $3,500 $3,500 $4,500 $4,500

Passive Biofilters (in-ground, medium, FL) $8,600 $11,300 $12,500 $14,700 $15,900

Passive Biofilters (in-ground, high, FL) $11,100 $12,800 $14,000 $16,200 $17,400

Composting toilets (also use for incinerating) $2,200 $2,200 $4,400 $4,400 $6,600

Absorption System (bed or trench) $1,500 $2,200 $2,800 $3,400 $4,900

Constructed Wetland $4,000 $5,000 $6,000 $8,000 $10,000

Disinfection $1,000 $1,000 $1,000 $1,000 $1,000

Drip Irrigation $4,900 $5,000 $5,800 $5,900 $6,000

Seepage Pit (new) $6,400 $10,400 $14,400 $18,400 $22,400

Evapotranspiration $3,000 $4,000 $5,000 $6,000 $7,000

NITREX ® $5,800 $7,400 $8,200 $10,000 $10,800

Presby Advanced Enviro-Septic & De-Nyte ® $3,300 $4,700 $6,200 $7,700 $9,200

Recirculating Sand Filter $3,000 $3,000 $6,000 $6,000 $6,000

Eliminite ® $8,000 $8,000 $8,000 $8,000 $8,000

Layered Soil Treatment System (MA) $6,000 $6,000 $6,000 $6,000 $6,000

Gray Water system $1,600 $2,300 $2,300 $2,300 $2,300
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Equipment and Materials

OSDS Treatment and Disposal Systems

1BR 2BR 3BR 4BR 5BR

ATU-N $22,000 $22,000 $23,500 $25,000 $28,000

ATU-N/DN $23,500 $23,500 $25,000 $26,000 $30,000

Septic Tank $15,500 $16,000 $16,000 $17,000 $17,000

Passive Biofilters (in-ground, medium, FL) $21,100 $23,800 $25,000 $27,200 $28,400

Passive Biofilters (in-ground, high, FL) $24,100 $25,800 $27,000 $29,200 $30,400

Composting toilets (also use for incinerating) $2,800 $2,800 $5,600 $5,600 $8,400

Absorption System (bed or trench) $3,750 $4,450 $5,050 $5,650 $7,150

Constructed Wetland $6,250 $7,250 $8,250 $10,250 $12,250

Disinfection $2,000 $2,000 $2,000 $2,000 $2,000

Drip Irrigation $7,900 $8,000 $8,800 $8,900 $9,000

Seepage Pit (new) $8,650 $12,650 $16,650 $20,650 $24,650

Evapotranspiration $5,250 $6,250 $7,250 $8,250 $9,250

NITREX ® $8,050 $9,650 $10,450 $12,250 $13,050

Presby Advanced Enviro-Septic & De-Nyte ® $5,550 $6,950 $8,450 $9,950 $11,450

Recirculating Sand Filter $5,250 $5,250 $8,250 $8,250 $8,250

Eliminite ® $10,250 $10,250 $10,250 $10,250 $10,250

Layered Soil Treatment System (MA) $8,250 $8,250 $8,250 $8,250 $8,250

Gray Water system $4,100 $4,800 $4,800 $4,800 $4,800
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OSDS Treatment and Disposal Systems
Total Installed Cost including Fees
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Table 10 Total installed costs for treatment plus disposal systems for Alternatives 1-18 

 

 

 

 

 

 

Alt Description 1BR 2BR 3BR 4BR 5BR

Alt1 Septic Tank to Absorption System: 47% Reduction$19,250 $20,450 $21,050 $22,650 $24,150

Alt2
Septic Tank to Constructed Wetland: 53% 

Reduction
$21,750 $23,250 $24,250 $27,250 $29,250

Alt3
Septic Tank to RSF to Drip Irrigation: 80% 

Reduction
$28,650 $29,250 $33,050 $34,150 $34,250

Alt4 Septic Tank to RSF to Seepage Pit: 47% Reduction$20,750 $21,250 $24,250 $25,250 $25,250

Alt 4B Septic Tank to Seepage Pit: 10% Reduction $15,500 $16,000 $16,000 $17,000 $17,000

Alt5
Septic Tank to Eliminite to Absorption System: 

80% Reduction
$29,500 $30,700 $31,300 $32,900 $34,400

Alt6 Septic Tank to Presby: 78% Reduction $21,050 $22,950 $24,450 $26,950 $28,450

Alt7
Septic Tank to NITREX to Absorption System: 98% 

Reduction
$27,300 $30,100 $31,500 $34,900 $37,200

Alt8
Septic Tank to Recirculating Gravel Filter System 

to Absorption System: 84% Reduction
24500 25700 29300 30900 32400

Alt9 Septic Tank to "Layer Cake": 55% Reduction $23,750 $24,250 $24,250 $25,250 $25,250

Alt10
Septic Tank to Lined/Sequence D/DN Biofilter: 

91% Reduction
23750 24250 24250 25250 25250

Alt11 ATU-N to Absorption System: 53% Reduction $25,750 $26,450 $28,550 $30,650 $35,150

Alt12 ATU-N/DN to Absorption System: 71% Reduction$27,250 $27,950 $30,050 $31,650 $37,150

Alt13 ATU-N to Constructed Wetland: 58% Reduction $28,250 $29,250 $31,750 $35,250 $40,250

Alt14 ATU-N to ET: 100% Reduction $27,250 $28,250 $30,750 $33,250 $37,250

Alt15
ATU-N to Disinfection to Drip Irrigation: 82% 

Reduction
$31,900 $32,000 $34,300 $35,900 $39,000

Alt16
ATU-N/DN to Disinfection to Seepage Pit: 50% 

Reduction
$25,500 $25,500 $27,000 $28,000 $32,000

Alt17
Septic Tank to Passive FL Units (medium, in 

ground): 71% Reduction
$36,600 $39,800 $41,000 $44,200 $45,400

Alt18
Septic Tank to Passive FL Units (high) to 

Absorption System: 91% Reduction
$43,350 $46,250 $48,050 $51,850 $54,550
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Table 11 Total installed cost and total net present value (NPV) for Alternatives 1 through 38, with 
ranking lowest-highest based on installed cost 

 

Alt Description

Total 

Installation 

Cost ($M)

Rank

NPV, 60 years, 

2.8% Discount 

Factor ($M)

Rank

NPV, 60 years, 

5% Discount 

Factor ($M)

Rank

35 Wellhead treatment (results same as base model) $18.0 1 $38.8 2 $30.4 2

29-30-31 Sewer Pukalani only, no cesspool upgrades $18.2 2 $22.1 1 $20.5 1

26-27-28 Sewer Makawao only, no cesspool upgrades $55.6 3 $60.9 3 $58.7 3

19A
High impact: Septic Tank to Presby: 78% 

Reduction (highest mass reduction in alt 1-18)
$59.9 4 $118 5 $94.4 5

32-33-34 Sewer Makawao & Pukalani, no other upgrades $73.9 5 $82.9 4 $79.3 4

19B
High Impact: ATU-N to ET: 100% Reduction 

(smallest area with >5 mg/L in alt 1-18)
$95.9 6 $250 9 $185 7

Alt4B Septic Tank to Seepage Pit: 10% Reduction $102 7 $221 6 $173 6

Alt1 Septic Tank to Absorption System: 47% Reduction$124 8 $245 8 $196 8

23B-24B-25B
Sewer Pukalani, ST to Presby (highest mass 

reduction in alt 1-18) where possible
$133 9 $274 11 $242 11

Alt9 Septic Tank to "Layer Cake": 55% Reduction $134 10 $329 13 $250 13

Alt10
Septic Tank to Lined/Sequence D/DN Biofilter: 

91% Reduction
$134 11 $329 14 $250 14

Alt6 Septic Tank to Presby: 78% Reduction $137 12 $278 12 $221 10

Alt2
Septic Tank to Constructed Wetland: 53% 

Reduction
$138 13 $348 15 $261 15

Alt4 Septic Tank to RSF to Seepage Pit: 47% Reduction$147 14 $380 16 $285 16

Alt8
Septic Tank to Recirculating Gravel Filter System 

to Absorption System: 84% Reduction
$153 15 $410 19 $306 19

20-21-22 Sewer Makawao, ST to Presby (cheapest option) $157 16 $274 10 $245 12

Alt5
Septic Tank to Eliminite to Absorption System: 

80% Reduction
$162 17 $385 18 $293 18

Alt7
Septic Tank to NITREX to Absorption System: 98% 

Reduction
$165 18 $382 17 $292 17

36-37-38 Compost toilets, no effluent N $186 19 $228 7 $210 9

Alt11 ATU-N to Absorption System: 53% Reduction $191 20 $528 20 $385 20

Alt12 ATU-N/DN to Absorption System: 71% Reduction $196 21 $538 21 $393 21

Alt16
ATU-N/DN to Disinfection to Seepage Pit: 50% 

Reduction
$196 21 $538 21 $393 21

Alt14 ATU-N to ET: 100% Reduction $198 23 $560 24 $407 23

Alt13 ATU-N to Constructed Wetland: 58% Reduction $204 24 $631 27 $450 27

Alt3
Septic Tank to RSF to Drip Irrigation: 80% 

Reduction
$213 25 $756 28 $531 28

23A-24A-25A
Sewer Pukalani, ATU-N to ET (smallest area with 

>5 mg/L in alt 1-18) where possible
$229 26 $584 26 $435 25

Alt15
ATU-N to Disinfection to Drip Irrigation: 82% 

Reduction
$231 27 $785 29 $551 29

Alt17
Septic Tank to Passive FL Units (medium, in 

ground): 71% Reduction
$236 28 $542 23 $415 24

Alt18
Septic Tank to Passive FL Units (high) to 

Absorption System: 91% Reduction
$264 29 $570 25 $443 26
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Nitrogen Reduction with groundwater model 

We obtained a DOH-developed baseline groundwater model (See Appendix IV: 
Groundwater Model) representative of nitrogen concentration in Upcountry Maui aquifers 
(aquifer nutrient loading). The purpose of the numerical groundwater flow and transport 
modeling was to test the consequences of the 38 cesspool conversion alternatives. The 
groundwater flow model that was used, MODFLOW 2005, is an international standard for 
simulating groundwater flow. A modular three-dimensional multi-species transport model, 
MT3DMS, was used to simulate movement of nitrogen due to groundwater flow. This 
groundwater model was used to calculate reductions in groundwater nitrate concentrations 
resulting from the reduction in nitrogen input for the 38 alternatives shown in Table 5, and 
these reductions were then evaluated with the Objectives 3, 4, 5 in Table 1.  

Baseline Groundwater Model Findings 

A baseline model using a groundwater and transport model (Appendix IV) was prepared to 
represent existing nitrogen levels. The modeled area is larger than the Priority One area (Error! 
Reference source not found.) in order for more accurate simulations that are not influenced by 
boundary conditions. Table 12 shows the nitrogen inputs into the model; it includes the 
assumptions of 1.5 persons per bedroom, 70 gallons per person, and an N concentration of 87 
mg/L. The total number of bedrooms in the study area is 30,750 and the subset of those that 
are on properties with cesspools are 22,908.  The total nitrogen load from OSDSs is 1064.9 
kg/day and the total flow rate is 3.23 million gallons per day (MGD) from all OSDSs, with 2.4 
MGD and 793 kg-N/day coming from cesspools. These values just discussed are the baseline to 
which all the cesspool upgrade alternatives are compared, and they are based on the DOH 
model calibration to data collected from wells. We considered the effects of these assumptions 
by considering some higher and lower values. Table 12 also shows that if the load is calculated 
from the HAR 11-62 design standard (2 persons/BR and 100 gal/person), then the loads are 
almost double (1551 kg/d instead of 793 kg/d from cesspools) which could be a worst case for 
ǘƘŜ ŜȄƛǎǘƛƴƎ ƭŜǾŜƭ ƻŦ ŘŜǾŜƭƻǇƳŜƴǘΦ IƻǿŜǾŜǊΣ ǘƘŜ ǎǘǳŘȅ ŀǊŜŀ ƛǎ ƴƻǘ άōǳƛƭǘ ƻǳǘέ ŀƴŘ ŀŘŘƛǘƛƻƴŀƭ 
properties could be developed which would add to the nitrogen load. The 2010 Census data 
indicates a study area population of 30,900, which is very close to an average of 1.0 persons per 
bedroom. Assuming that the 22, 908 bedrooms in TMKs with cesspools each have one person, 
the N concentration is 87 mg/L, and the average flow per person is 100 gal/d, then the cesspool 
load would be 756 kg/d ǿƘƛŎƘ ƛǎ ǇǊŜǘǘȅ ŎƭƻǎŜ ǘƻ ǘƘŜ άŎŀƭƛōǊŀǘŜŘέ ƳƻŘŜƭ ǾŀƭǳŜ όтфо ƪƎκŘύΦ ¢Ƙƛǎ 
indicates that the calibrated model can be considered reasonable.  

In the baseline model the highest underlying groundwater concentration in the modeled 
area is 13.8 mg/L (Table 14 and Figure 3). There are 8,972 acres with concentrations above 5 
mg/L, and 991 acres with concentrations above 10 mg/L (Table 14 and Figure 4). Historical 
sugarcane and OSDSs contribute the majority (56%) of nitrate in the baseline model (Table 13 
and Figure 5) while OSDSs contribute 33% (note: cesspools are 24.3% and other OSDSs are 
8.7%).  
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Table 12 Nitrogen loading values used in the model 

 

Alt4B Persons/BRFlow/person N Conc Bedrooms Load kg/d

Baseline    Total 1.5 70 87 30,750 1,064.9

Baseline 

Cesspools
1.5 70 87 22,908 793

Baseline   

Other
1.5 70 87 272

High Estimate 

Total
2 100 87 30,750 1,995.3

High Estimate 

Cesspools
2 100 87 22,908 1551

High Estimate 

Other
2 100 87 444

Low Estimate 

Total
1 70 87 30,750 698.4

Low Estimate 

Cesspools
1 70 87 22,908 529

Low Estimate 

Other
1 70 87 170

2010 Census 

Estimate    Total
1 100 87 30,900 1,019.3

2010 Census 

Estimate 

Cesspools

1 100 87 22,908 756

2010 Census 

Estimate   

Other

1 100 87 263
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Figure 3. Map groundwater concentrations for baseline model 

 

 

Figure 4. Areas above 5 and 10 mg/L in baseline model 






















































































































































































